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A B S T R A C T

Background: HCV transmission remains high in prisons globally. Understanding injecting risk behaviours
in prisons is crucial to effectively develop and implement HCV prevention programs in this setting
including treatment as prevention.
Methods: HITS-p is a cohort study which enrolled people with a history of injecting drug use in prisons in
NSW, Australia from 2005 to 2013. Participants completed an interview at enrolment and follow-up visits
to determine injecting behaviours. Generalized estimating equation (GEE) and logistic regression
methods were used to assess injecting risk behaviours prior to and following prison entry and to
investigate injecting risk behaviours in prison.
Results: Overall, 499 participants with a history of injecting drug use were included (median age, 26
years; 65% male). Participants were significantly less likely to inject drugs following incarceration.
Among injectors, participants were less likely to inject �weekly but more likely to share a needle/syringe.
At enrolment, the proportion reporting any injecting, �weekly injecting, and needle/syringe sharing in
prison was highest among younger individuals. Younger age was associated with both re-initiation and
continuation of injecting drug use following prison entry. Among those continuously imprisoned,
younger age was associated with increased odds of any injecting, �weekly injecting, and sharing a
needle/syringe.
Conclusions: Upon entry to prison, injecting drug use decreased but syringe sharing increased among
injectors. Younger individuals are most likely to exhibit high-risk injecting behaviours in prison. These
data highlight the need for improved HCV prevention strategies (including improved needle/syringe
access and scale up of HCV therapy) for those at increased risk of HCV transmission in prison, including
younger individuals.

© 2017 Elsevier B.V. All rights reserved.
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Introduction

In most countries, drug policies often result in the incarceration
of people who inject drugs (PWID) for the use or possession of
Abbreviations: NSW, New South Wales; HCV, hepatitis C virus; GEE, generalized
estimating equation; PWID, people who inject drugs; NSP, needle and syringe
program; OST, opioid substitution therapy; OR, odds ratio; aOR, adjusted odds ratio;
CI, confidence interval; DAA, direct acting antiviral.
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drugs (Dolan et al., 2016). Injecting drug use is known to continue
in the prison setting (Bretana et al., 2015; Dolan et al., 2016;
Hayashi et al., 2009; Kinner, Jenkinson, Gouillou, & Milloy, 2012;
Pollini et al., 2009) and is a key route for the transmission of HIV
and hepatitis C virus (HCV) infections (Hajarizadeh, Grebely, &
Dore, 2013; Lavanchy, 2009; Nelson et al., 2011). However, in most
countries, harm reduction strategies, such as high-coverage needle
and syringe programs (NSP) and opioid substitution therapy (OST),
that have been demonstrated to be effective in the prevention of
HIV and HCV infections, are unavailable in prisons (Aspinall et al.,
2014; Degenhardt et al., 2010; Grebely et al., 2015; Hagan, Pouget,
& Des Jarlais, 2011; MacArthur et al., 2014; Nolan et al., 2014; Platt
et al., 2016; Tsui, Evans, Lum, Hahn, & Page, 2014; Turner et al.,
2011; van den Berg et al., 2007; White, Dore, Lloyd, Rawlinson, &
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Maher, 2014). Combined with the disproportionately high preva-
lence of blood borne viruses among prison inmates globally (Dolan
et al., 2016), correctional centres are a high-risk environment for
the acquisition and transmission of HCV and HIV (Abiona, Balogun,
Adefuye, & Sloan, 2009; Butler, Levy, Dolan, & Kaldor, 2003;
Cunningham et al., 2017; Fazel, Bains, & Doll, 2006; Indig et al.,
2009; Larney et al., 2013). As such, prisons represent a key setting
to deploy both prevention and treatment strategies for PWID. In
Australia, while the prevalence of HIV in prisons is low (<1%) the
seroprevalence of HCV is considerably higher with approximately
half of PWID in prison being HCV antibody positive (Butler,
Callander, & Simpson, 2015).

There exists limited data globally on injecting risk behaviours
among PWID in prisons to inform the effective targeting of harm
reduction and treatment strategies. Previous studies that have
investigated injecting risk behaviours in prison settings have been
limited to single prisons or have been retrospective or cross-
sectional, thus limiting the evaluation of longitudinal injecting risk
behaviours prior to and during imprisonment (Fazel et al., 2006;
Kinner, Milloy et al., 2012; A. Watkins, Mak, & Connelly, 2011;
Wright, Tompkins, & Farragher, 2015). In an observational cohort of
people with a history of injecting drug use at risk of HCV infection
in Australia (the HITS-p study), the incidence of primary HCV
infection was 6.3 cases per 100 person-years among the
continuously imprisoned population (Cunningham et al., 2017).
Further, needle and syringe sharing in prison was associated with
incident HCV infection, highlighting the importance of ongoing
injecting risk behaviours for acquisition of HCV infection in prison
(Cunningham et al., 2017). As such, we sought to investigate
injecting risk behaviours among a population of prisoners with a
history of injecting drug use, including a longitudinal characteri-
sation of injecting behaviours among those entering prison, and
among those continuously in prison. These data are needed to
assist in designing more sophisticated strategies to prevent HCV
transmission in the prison setting.

This study aimed to investigate changes in injecting risk
behaviours and drug use patterns prior to, and during, incarcera-
tion among people with a history of injecting drug use enrolled in
the HITS-p cohort between 2005 and 2014. This study also aimed to
evaluate factors associated with re-initiation of injecting drug use
and the association between age and ongoing injecting risk
behaviours in prison.

Methods

Study design and population

HITS-p was a prospective cohort of prisoners enrolled between
2005 and 2013 and followed until 2014 in New South Wales (NSW),
Australia. Enrolment occurred in two distinct enrolment periods
(2005–2009 and 2012–2014) with a period of no enrolment in the
intervening time. Adult male and female inmates were recruited in
23 of 35 correctional centres in NSW and followed across 30
centres as described previously (Dolan et al., 2010).

Participants were enrolled into the HITS-p cohort if they: were
currently incarcerated in a NSW prison; had reported a life-time
history of injecting drug use (enrolled 2005–2009) or a life-time
history of any risk factors for blood-borne virus transmission (i.e.,
injecting drug use, tattooing, piercing, blood fights; enrolled 2012–
2014); and had negative anti-HCV antibody status documented
prior to recruitment (Dolan et al., 2010).

Of the participants enrolled in HITS-p, the current analysis
included participants who were 18 years or older, had a lifetime
history of injecting drug use, and provided written informed
consent.
Ethical approval

The study was approved by the Human Research Ethics
Committees of Corrective Services New South Wales (no. 05/
0884) and of Justice Health (no. GEN 31/05).

Study assessments

At enrolment, participants were interviewed using a previously
validated schedule (Dolan et al., 2010) to record demographic
characteristics and injecting behaviour before, and during, the
current imprisonment. Participants were asked about their recent
drug use and injecting risk behaviours in the last three months
prior to entering prison, and in the period since entering prison.
Participants completed structured follow-up interviews at 6–12-
month intervals while in prison, to ascertain risk factors for HCV
transmission, and receipt of OST. Participants who were released to
freedom after enrolment were followed up in the case of re-
incarceration and thus the intervening periods may contain time
spent outside of prison in these cases. All measures of recent drug
use and injecting risk behaviours at follow-up were asked in
regards to the time since their previous visit. Follow-up interviews
and blood collection were performed by a research nurse, whose
employment was independent of the custodial authority. The
interview questions avoided disclosure of specific details of
individual injecting or risk behaviour events (as such events
may constitute criminal behaviour necessitating reporting to
authorities).

Participation was voluntary, and all participants provided
written informed consent. Participants received payment (AUD
$10) following each visit through the approved prison inmate
banking system to compensate for their time and effort in
completing research interviews and providing blood samples.

Study outcomes

The primary study outcomes investigated included recent
injecting drug use, �weekly injecting drug use (among those who
reported any injecting), and needle/syringe sharing (among those
who reported any injecting). This study also evaluated continued
injecting drug use in prison, defined as any injecting drug use since
prison entry at enrolment, among people who reported injecting
drug use in the three months prior to prison entry. Lastly, this study
evaluated the re-initiation of injecting drug use in prison among
people with a history of injecting drug use who had not injected in
the three months prior to prison entry.

Statistical analyses

The first aim was to evaluate changes in injecting risk
behaviours prior to incarceration as compared to the first study
visit following incarceration. Factors of interest included any
injecting drug use, �weekly injecting drug use (among those who
reported injecting), and any needle/syringe sharing (among those
who reported any injecting). The proportion of participants who
reported injecting risk behaviours prior to, and following,
incarceration were tabulated. To characterize the association
between age and injecting risk behaviours in prison, injecting
risk behaviours at the first visit following incarceration were also
summarized according to age group ( < 25, 25–29, 30–34, 35–40,
and �40 years).

Next, the types of drugs injected prior to incarceration as
compared to the first study visit following incarceration were
evaluated. Among people who reported injecting drug use in the
three months prior to entering prison, changes in injecting
frequency, needle/syringe sharing, methamphetamine injecting,
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cocaine injecting, heroin injecting, buprenorphine/methadone
injecting, and other opioid injecting were assessed.

To assess changes in risk behaviours resulting from the
transition into prison, generalized estimating equation (GEE)
methods were used. GEE was used to account for the correlated
nature of repeated measurements among individual participants.
Two longitudinal time points were used for each participant in
order to represent the transition into prison: 3 months before
entering prison, and at the first study visit following incarceration.
GEE models were specified using a binomial family function, a logit
link and an exchangeable correlation structure. Odds ratios (ORs)
with corresponding 95% confidence intervals (CIs) and p-values
were calculated. All adjusted models were adjusted for age at
prison entry, sex, previous imprisonment, and time in prison at
baseline. Due to the difference between how data were collected
for the period before prison entry (in the last three months before
prison entry) and at the first study visit following incarceration
(since entering prison), a sensitivity analysis was performed
restricting the analysis to people who had been in prison for a
median of three months to ensure results were not biased by
differences in follow-up time.

Factors associated with continuing injecting drug use following
entry into prison were evaluated using logistic regression.
Continuing injecting drug use was assessed only in the population
who reported any injecting drug use in the three months before
entering prison. Hypothesised prognostic covariates were chosen
based on factors previously found to be associated with injecting
drug use or those hypothesised to be associated with injecting drug
use in prison, including the following variables reported for the
three months before entering prison: age (per 10 years younger);
sex (female vs male); methamphetamine injecting (yes vs no),
cocaine injecting (yes vs no), heroin injecting (yes vs no),
buprenorphine/methadone injecting (yes vs no), frequency of
injecting drug use (�weekly vs <weekly), syringe sharing (yes vs
no), previous imprisonment (yes vs no), and time in prison at the
time of baseline interview (per year). Methamphetamine injecting
included both methamphetamine and amphetamine injection.

Factors associated with re-initiating injecting following entry to
prison among those with a history of injecting drug use without
injecting in the three months prior to prison entry were evaluated
by logistic regression. Hypothesised covariates associated with re-
initiation of injecting drug use following entry into prison were
chosen based on factors previously found to be associated with
injecting drug use or those hypothesised to be associated with
injecting drug use in prison, including the following variables as
reported for the three months before entering prison: age (per 10
Table 1
Characteristics of individuals enrolled in the HITS-p cohort be

Characteristic, n (%) 

Age, years; median (Q1–Q3) a

Age, years; mean (SD) 

Female sex 

>10 years of schooling 

Years since initiating injecting drug use a, median (Q1–Q3
Years since initiating injecting drug use a, mean (SD) 

Injecting drug use ever a

Methamphetamine 

Cocaine 

Heroin 

Buprenorphine/methadone 

Injecting drug use in the 3 months prior to incarceration 

Injecting drug use at the first study visit following incarc
Any sharing of injection equipment ever a

Current opioid substitution treatment a

a At baseline.
years younger); sex (female vs male); previous imprisonment (yes
vs no), and time in prison at time of baseline interview (per year).

Lastly, calendar date of visit and age were evaluated for
associations with injecting risk behaviour among those who were
continuously imprisoned. Injecting risk behaviours assessed includ-
ed any injecting drug use, �weekly injecting drug use (among those
who reported injecting drug use), and needle/syringe sharing
(among those who reported injecting drug use). GEE analyses were
restricted to only those study visits where the participant had only
been in prison since their last study visit (continuously imprisoned)
in order to reliably attribute outcomes to the prison setting.
Following unadjusted analysis, adjusted GEE analyses were per-
formed to evaluate factors associated with ongoing injecting risk
behaviours. Potential confounders were hypothesised a priori and
included sex, time in prison at interview, and current OST at
interview, and were included in all adjusted GEE models.

All statistically significant differences were assessed at
p < 0.05; p values are two-sided. All analyses were performed
using the statistical package Stata v13.1 (College Station, TX, United
States).

Results

Participant characteristics

In total, 499 participants who enrolled in HITS-p from 2005 to
2009 were included in this analysis. The baseline participant
characteristics are presented in Table 1. The majority of partic-
ipants were male (65%) with a median age of 26 years. The median
time in prison at enrolment was five months (IQR, 3–11 months)
and the mean was 11 months (SD, 21 months). Overall, 71%
(n = 354) of participants reported injecting drugs in the three
months before entering prison and 31% (108/354) continued to
inject following prison entry. Among those who did not inject in
the three months before entering prison, 19% (28/145) reinitiated
injecting following entry into prison.

Injecting risk behaviours prior to and following entry to prison

The proportion of subjects reporting any injecting drug use
decreased from 71% (354 of 499) prior to prison entry to 27% (136
of 499) at the first enrolment visit in prison. The proportion
reporting >weekly injecting drug use declined from 88% (312 of
354) prior to prison entry to 29% (39 of 136) at the first enrolment
visit in prison. Among people who reported injecting drug use, the
proportion reporting sharing a needle/syringe increased from 29%
tween 2005 and 2009 and followed until 2014 (n = 499).

Overall, n (%) (n = 499)

26 (23–32)

28 (7)
175 (35)
117 (23)

) 8 (4–12)
9 (6)

499 (100)
431 (86)
231 (46)
325 (65)
167 (33)
354 (71)

eration 136 (27)
311 (62)
108 (18)



Fig. 1. Proportion of the participants that reported any injecting drug use who also
reported injecting various drugs in the three months before entering prison (black)
and at the first study visit following incarceration (grey).
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(69 of 354) prior to prison entry to 73% (99 of 136) at the first
enrolment visit in prison.

Transition into prison was independently associated with
decreased odds of reporting any injecting drug use (aOR 0.15,
95% CI 0.12–0.20). Among those who reported injecting drug use
before entering prison, (n = 354), transition into prison was
independently associated with decreased odds of �weekly
injecting drug use (aOR 0.06, 95% CI 0.04–0.10) and increased
odds of sharing a needle/syringe (aOR 9.84, 95% CI 6.38–15.18;
Table 2). In sensitivity analyses among those with a median time of
incarceration of three months, similar results were observed
(Supplementary Table 3; Supplementary Fig. 1).

Among those who reported injecting prior to entering prison
(n = 354), the drugs most often injected included methamphet-
amine (79%), heroin (46%), cocaine (26%), and buprenorphine/
methadone (17%) (Fig. 1). Among those who reported injecting at
the first enrolment visit in prison (n = 136), the drugs most often
injected included heroin (55%), buprenorphine/methadone (53%),
methamphetamine (41%), and cocaine (13%). Transition to prison
was independently associated with decreased odds of injecting
methamphetamines (aOR 0.21, 95% CI 0.14–0.30), injecting cocaine
(aOR 0.30, 95% CI 0.17–0.51), and injecting other opioids (aOR 0.40,
95% CI 0.16–0.99) and increased odds of injecting buprenorphine/
methadone (aOR 3.53, 95% CI 2.28–5.46; Table 2).

Factors associated with continued injecting drug use following entry
into prison

Overall, 354 participants reported injecting drugs in the three
months before entering prison and 38% (136/354) continued to
inject following prison entry. Factors independently associated
with continuing to inject were younger age (per 10 years; aOR 1.64,
95% CI 1.08–2.50), heroin injecting before prison entry (aOR 2.55,
95% CI 1.44–4.50), syringe sharing before prison entry (aOR 2.43,
95% CI 1.33–4.44), prior imprisonment (aOR 2.55, 95% CI 1.36–
4.79), and time in prison at baseline (per year; aOR 1.55, 95% CI
1.27–1.90; Table 3).

Factors associated with re-initiation of injecting drug use following
entry into prison

In adjusted analyses, factors which were independently
associated with re-initiation of injecting drug (n = 145) use
following prison entry were younger age (per 10 years; aOR
10.69, 95% CI 3.17–36.08) and longer time in prison at baseline (per
year; aOR 1.62, 95% CI 1.23–2.13; Table 4).

Factors associated with ongoing injecting risk behaviours in prison

Among persons who were continuously imprisoned (n = 280),
in the three months prior to prison entry, the proportion of
participants reporting injecting drug use showed no relationship to
Table 2
The association between the transition into prison and characteristics of injecting drug

Characteristics OR 95% CI 

Risk behaviours
Frequency of injecting �weeklya 0.06 0.04–0.10 

Syringe sharinga 9.81 6.50–14.81 

Types of drugs
Methamphetamine injectinga 0.20 0.14–0.29 

Cocaine injectinga 0.33 0.19–0.56 

Heroin injectinga 1.19 0.84–1.69 

Buprenorphine/methadone injectinga 3.59 2.36–5.48 

Other opiate injectinga 0.44 0.18–1.04 

Characteristics were modelled as outcomes and imprisonment phase as the primary p
a Adjusted for age at prison entry, sex, previous imprisonment, and time in prison a
age group and ranged between 63% and 71%. At the first enrolment
visit in prison, the frequency of injecting drug use was highest in
the youngest age groups (35% < 25 years; 10% � 40 years). Among
those who reported injecting drug use, injecting �weekly and
needle/syringe sharing was highest among younger individuals
(Fig. 2, Supplementary Table 2).

Of the 499 participants included in this analysis, 280
participants had at least one period of continuous imprisonment.
Younger age was independently associated with increased odds of
reporting injecting drug use in prison (aOR 1.87, 95% CI 1.28–2.78).
Calendar date of interview was not associated with injecting drug
use in prison (Table 5).

Among continuously imprisoned participants who reported
injecting drug use during follow-up in prison (n = 202), adjusted
for time in prison at interview, current OST at interview, sex, and
calendar date of interview, younger age was associated with
increased odds of �weekly injecting drug use (aOR 1.72, 95% CI
1.05–2.86) as well as needle/syringe sharing in prison (aOR 2.00,
95% CI 1.28–3.13). Later calendar date of interview was indepen-
dently associated with decreased odds of reporting needle/syringe
sharing in prison (per year; aOR 0.95, 95% CI 0.92–0.98), but was
not associated with �weekly injecting drug use (Table 6).

Discussion

This study investigated injecting risk behaviours among a
cohort of PWID in the prison setting. The results demonstrate that
following entry into prison, participants were less likely to report
any injecting drug use, but among those who did inject, they were
more likely to report sharing a needle/syringe. Younger age was
associated with increased odds of continuing injecting, re-
initiation of injecting, and ongoing injecting during follow-up in
prison. These findings highlight the need for improved prevention
strategies in prisons, given the high-risk of needle and syringe
 use, among those who injected before incarceration (n = 354).

P aORa 95% CI P

<0.001 0.06 0.04–0.10 <0.001
<0.001 9.84 6.38–15.18 <0.001

<0.001 0.21 0.14–0.30 <0.001
<0.001 0.30 0.17–0.51 <0.001
0.316 1.11 0.78–1.58 0.551
<0.001 3.53 2.28–5.46 <0.001
0.061 0.40 0.16–0.99 0.047

redictor in GEE analyses.
t baseline.



Table 3
Factors associated with continuation of injecting (n = 108) following entry into prison among participants who injected in the three months before entering prison (n = 354).

Variable Discontinuation; n (%) Continuation; n (%) OR 95% CI P aOR 95% CI P

Age (per 10 years younger); median (IQR) 27 (23–32) 25 (22–30) 1.41 0.98–2.03 0.062 1.64 1.08–2.50 0.023
Male sex 146 (59) 77 (71) 1.70 1.04–2.77 0.033 1.32 0.76–2.29 0.319
Methamphetamine injectinga,b 201 (82) 78 (72) 0.58 0.34–0.99 0.046 0.86 0.46–1.62 0.643
Cocaine injectinga,b 52 (21) 39 (36) 2.11 1.28–3.47 0.003 1.65 0.93–2.91 0.085
Heroin injectinga,b 95 (39) 68 (63) 2.70 1.69–4.31 <0.001 2.55 1.44–4.50 0.001
Buprenorphine/methadone injectinga,b 37 (15) 22 (20) 1.45 0.81–2.59 0.217 0.80 0.41–1.56 0.518
Frequency of injectinga,b (�weekly vs. <weekly) 210 (86) 101 (94) 2.65 1.07–6.52 0.034 2.59 0.92–7.31 0.072
Syringe sharinga,b 37 (15) 32 (30) 2.38 1.38–4.09 0.002 2.43 1.33–4.44 0.004
Previous imprisonment 163 (66) 85 (79) 1.88 1.11–3.20 0.020 2.55 1.36–4.79 0.004
Time in prison at baseline interview (per year); median (IQR) 0.3 (0.2–0.8) 0.6 (0.3–1.2) 1.35 1.12–1.62 0.002 1.55 1.27–1.90 <0.001

a Among those who reported any injecting drug use.
b In the three months before entering prison; ORs from unadjusted and adjusted logistic regression analyses.

Table 4
Factors associated with re-initiation of injecting following entry (n = 28) into prison among participants who had not injected in the three months before entering prison
(n = 145).

Variable No re-initiation n (%)* Re-initiation; n (%)* OR 95% CI P aOR 95% CI P

Age (per 10 years younger); median (IQR) 27 (23–35) 23 (21–26) 3.95 1.64–9.52 0.002 10.69 3.17–36.08 <0.001
Male sex 80 (68) 21 (75) 1.39 0.54–3.55 0.495 0.92 0.32–2.66 0.883
Previous imprisonment 78 (67) 17 (61) 0.94 0.78–1.13 0.49 1.10 0.89–1.35 0.387
Time in prison at baseline interview (per year) 0.4 (0.2–0.9) 1.0 (0.5–2.0) 1.13 0.97–1.32 0.112 1.62 1.23–2.13 0.001

ORs from unadjusted and adjusted logistic regression analyses.
* Percentages represent row percentages.

Fig. 2. Risk behaviours at the first study visit following incarceration stratified by age. Panel A represents the proportion of the entire population who reported injecting risk
behaviours and panel B represents the proportion of the injecting population who reported sharing a needle/syringe and who reported injecting �weekly.

Table 5
Factors associated with injecting in prison, among continuously imprisoned participants (n = 280).

Outcome Factor OR 95% CI P aOR 95% CI P

Injecting
Age (per 10 years younger) 1.64 1.16–2.27 0.004 1.87 1.28–2.78 0.001

Interview date (per calendar year) 0.99 0.98–1.01 0.525 1.02 0.99–1.04 0.145
Time in prison at interview 1.23 1.11–1.37 <0.001 1.36 1.19–1.54 <0.001

Female sex 1.07 0.64–1.78 0.796 1.05 0.62–1.76 0.861
Current OST at interview 2.02 1.30–3.13 0.002 2.04 1.30–3.20 0.002

ORs from unadjusted and adjusted GEE analyses.
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sharing among people who inject drugs in prison. These data have
important implications for targeting of prevention interventions,
including targeting HCV treatment as prevention, high-coverage
OST, and NSP, towards younger individuals in prisons.

Following entry into prison, the proportion of people who
reported injecting drug use decreased, but among those who did
inject drugs, needle and syringe sharing increased. This finding is
consistent with previous studies that investigated injecting risk
behaviour in prison, and found that those who inject in prison are
more likely to share a needle and syringe than those in the
community (Boelen et al., 2014; Dolan, Wodak, Hall, Gaughwin, &
Rae, 1996; Malliori et al., 1998; Wright et al., 2015). This study
provides novel longitudinal evidence of these changes among a
consistent population of PWID. The increase in the proportion of
PWID who report sharing a needle and syringe in prison is
consistent with data from other studies in different settings which



Table 6
Factors associated with injecting �weekly in prison and needle/syringe sharing in prison among continuously imprisoned participants who reported injecting drug use
during follow-up in prison (n = 202).

Outcome Factor OR 95% CI P aOR 95% CI P

�weekly injecting drug use
Age (per 10 years younger) 1.47 0.94–2.33 0.085 1.72 1.05–2.86 0.029

Interview date (per calendar year) 1.00 0.97–1.04 0.837 1.02 0.99–1.06 0.215
Time in prison at interview 1.12 1.00–1.25 0.045 1.25 1.09–1.44 0.002

Female sex 0.92 0.50–1.68 0.781 1.08 0.58–2.00 0.806
Current OST at interview 0.60 0.30–1.21 0.154 0.56 0.27–1.16 0.119

Needle/syringe sharing
Age (per 10 years younger) 2.50 1.67–3.85 <0.001 2.00 1.28–3.13 0.002

Interview date (per calendar year) 0.93 0.90–0.95 <0.001 0.95 0.92–0.98 0.001
Time in prison at interview 1.60 1.27–2.03 <0.001 1.59 1.23–2.06 <0.001

Female sex 1.09 0.61–1.92 0.774 1.01 0.54–1.89 0.986
Current OST at interview 2.29 1.38–3.79 0.001 1.98 1.16–3.41 0.013

ORs from unadjusted and adjusted GEE analyses.
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have investigated needle and syringe sharing in prison (Weild
et al., 2000; Wright et al., 2015). This increase is likely due to the
lack of sterile injecting equipment in the prison environment
(Dolan, Rutter, & Wodak, 2003; Lines, Jürgens, Betteridge, & Stöver,
2005). A previous study in the same cohort estimated the per
injection event probability of HCV transmission in this setting to be
0.6% (Boelen et al., 2014). Together, these findings have important
implications and demonstrate the need for NSP in this setting.
Despite the evident need for NSP in prisons, there remains
resistance to the implementation of prison-based NSP globally
largely based on concerns of health and safety of prison workers
and the idea that provision of injecting equipment would
encourage drug use (Stoove, Treloar, Maher, Tyrrell, & Wallace,
2015). Although data is extremely limited regarding the impact of
prison-based NSP on blood borne virus transmission and injecting
risk behaviours, the available evidence suggests there is the
potential for NSP to prevent ongoing transmission of HCV and HIV
and reduce the prevalence of needle and syringe sharing without
increasing the prevalence of injecting (Ferrer-Castro et al., 2012;
Moller, van den Bergh, Karymbaeva, Esenamanova, & Muratalieva,
2008). Further, NSP in combination with OST has the potential to
reduce the harm associated with injection-related bacterial
infections through reduction of injection drug use and the
provision of sterile injecting equipment and alcohol wipes for
cleaning injection sites (Harm Reduction International, 2014;
Hope, Hickman, Parry, & Ncube, 2014; Larney, Peacock, Mathers,
Hickman, & Degenhardt, 2017). Given the resistance to implemen-
tation of NSP in prisons, this study provides important data which
supports the recommendations made by the WHO that NSP
services should be available in prisons as part of a comprehensive
package of blood borne virus prevention strategies including OST
and treatment for infections (Jurgens, Ball, & Verster, 2009).

Also of note are the reduced odds of injecting methamphet-
amines, cocaine, and other opiates and the increased odds of
injecting buprenorphine/methadone following entry into prison.
This suggests greater ease of access to buprenorphine/methadone
in the NSW prison system as compared to other drugs. This access
could either be the result of the diversion of medically supplied
OST within prisons or could be an indication that more illicit
buprenorphine/methadone is entering the prison system com-
pared to other drugs (Jenkinson, Clark, Fry, & Dobbin, 2005; Roger,
Lee, & Roche, 2011; Van Dyken et al., 2016; White et al., 2016). The
introduction of sublingually administered buprenorphine film may
have increased the ease with which illicit buprenorphine can be
brought into prisons. Overall, the distribution of drugs injected in
prison is consistent with a previous report (Indig et al., 2009).

In this study, younger age was associated with increased odds of
both continuing injecting drug use and re-initiation of injecting
drug use. This finding is consistent with previous studies of risk
behaviours in both the community and the prison setting which
have demonstrated higher prevalence of injecting risk behaviours
among younger individuals (Butler et al., 2003; Kerr et al., 2010;
Kinner, Jenkinson et al., 2012; Kinner, Milloy et al., 2012). This
finding has important implications and suggests that the
implementation of strategies for the prevention of HIV and HCV
infections, including treatment as prevention, should be targeted
towards younger individuals in prison.

This study also demonstrated decreased odds of needle and
syringe sharing by calendar date. This decrease in needle and
syringe sharing in prison over time potentially suggests an
increased number of needles/syringes in the NSW prison system
in recent years. Given that syringe sharing was associated with
incident HCV infection in the HITS-p cohort, it is clear that sharing
of needles/syringes in NSW prisons remains a problem regardless
of the apparent reduction in sharing and argues for the provision of
sterile injecting equipment through prison-based NSP.

There are limitations to this study. Measures, such as the use of
study nurses independent of the custodial authority, were
implemented in the collection of data to reduce potential response
bias relating to disclosure of illegal behaviours, however such bias
may still have affected the responses to survey questions. Any
remaining response bias would likely have decreased the power to
detect effects due to a reduced number of participants reporting
any specific behaviour. Further, prior to prison entry, injecting risk
behaviour data was collected for the period relating to the three
months before entering prison, whereas while in prison, injecting
risk behaviour data was initially collected for the period since
entering prison. This has the potential to bias the results towards a
higher proportion reporting injecting risk behaviours at the first
visit following incarceration due to the longer mean time in prison
when comparing the two periods. However, sensitivity analyses
restricting the analysis to people in prison for a median of three
months demonstrated similar results in the changes in injecting
risk behaviours; hence this factor is unlikely to have impacted on
the observed findings. Also, time in prison at study interview was
included in all adjusted models to minimize the potential impact of
time in prison on the findings. Lastly, given the design of the study,
which only included prisons in NSW and the inability to compare
these results to those prisoners who were not included in the
study, the results are not necessarily generalisable to the general
prison population in NSW. Further, these results from NSW
prisons, where OST and provision of bleach for cleansing injecting
equipment is available (but NSP services are not), are not
necessarily generalisable to other prison populations nationally
or internationally, particularly in regions with differing prevention
strategies available inside and outside of prison. Irrespective of
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these limitations, to our knowledge, this study is one of the only
prospective prison-based studies to evaluate trends in injecting
risk behaviours and provides valuable data to inform the
implementation of prevention strategies in prison settings.

Given the high prevalence of HCV among prison inmates
globally, prison populations represent an important population in
which to implement HCV prevention strategies, including treat-
ment as prevention. The advent of highly effective, well tolerated
HCV direct-acting antiviral (DAA) therapies has made treatment as
prevention a realistic strategy to work towards WHO elimination
targets for HCV (Hajarizadeh et al., 2016; World Health Organiza-
tion, 2016). However, many countries currently restrict access to
HCV DAA therapies to those with advanced liver disease, actively
exclude PWID, and do not offer treatment to prisoners (Barua et al.,
2015; Marshall et al., 2017; Marshall et al., 2016). Further data on
injecting risk behaviours is needed to effectively implement
treatment as prevention in prisons. This study demonstrates that
high-risk behaviours are common among PWID in the Australian
prison system and that younger individuals are most likely to
exhibit high-risk behaviours in prison. Further, these data illustrate
key demographic and behavioural predictors of injecting drug use
in prison and contribute essential data for the effective implemen-
tation of HCV prevention strategies in this setting. Additional
studies in this setting are needed to evaluate HCV prevention
strategies, including the implementation of HCV treatment as
prevention and NSP to work towards elimination of HCV in prisons.
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